Introduction and Hypothesis The performance of a colpopexy at the time of hysterectomy for pelvic organ prolapse is a potential indicator of surgical quality. However, vaginal colpopexy has not been directly compared with the classic technique of ligament shortening and reattachment. We sought to test the null hypothesis that there is no difference in prolapse recurrence between the techniques. Methods We performed a retrospective chart review of 330 vaginal hysterectomies performed for prolapse, comparing symptomatic and/or anatomic recurrence rates between patients having a vaginal colpopexy (uterosacral ligament suspension or sacrospinous ligament suspension) and those having ligament shortening and reattachment. Clinically relevant variables significantly associated with recurrence in a univariate analysis were used to create a multivariable logistic regression model to predict recurrence. Results With a mean follow-up of 20 months, there was no significant difference between symptomatic and/or anatomic recurrence rates: 19.4 % of patients (41 of 211) having colpopexy vs. 11.8 % of patients (14 of 119) having ligament shortening (p = 0.07). Baseline prolapse stage was higher in patients having colpopexy (median 3, IQR 2 -5) than in those having ligament shortening (median 2, IQR 1 -3; p ≤ 0.0001). In the multivariable logistic regression analysis, the procedure performed was not associated with recurrence (OR 1.57, 95 % CI 0.79 -3.12). A baseline prolapse of 4 cm or greater was associated with recurrence (OR 2.63, 95 % CI 1.32 -5.22), as was the time since hysterectomy (OR 1.02 per month, 95 % CI 1.01 -1.04). Conclusions When compared with vaginal colpopexy, selective use of the ligament shortening technique at the time of vaginal hysterectomy was associated with similar rates of prolapse recurrence. Preoperative prolapse size was the factor most strongly associated with recurrence.
Introduction
Of all hysterectomies performed in the US, 14 % are performed for pelvic organ prolapse (POP) [1] , and among postmenopausal women, uterine prolapse is the most common indication [2] . The rate of reoperation for prolapse has been reported to be as high as 20 % [3] and is more common when the indication for hysterectomy is prolapse [4] . The rate of
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recurrence of POP following hysterectomy is lower if pelvic floor repair is performed concomitantly [3, 5] ; however, previous studies have not always identified the type of concomitant repair or method of apical support. In fact, the largest study to look at apical suspension at the time of surgery for POP included hysterectomy itself as an apical support procedure without distinguishing whether or not additional suspension steps were taken [3] .
In an effort to decrease the recurrence rate, apical suspension at the time of hysterectomy for prolapse was proposed by the American Urogynecologic Society as a quality assessment criterion [6] . As of September 2015, the National Quality Forum (NQF) endorses this measure. According to the recommendation of the NQF, a vaginal apical suspension, or sacral colpopexy [7] , should be performed at the time of hysterectomy for POP [6] . The vaginal colpopexy procedures uterosacral ligament suspension (USLS) [8] and sacrospinous ligament suspension (SSLS) [9] are accepted and effective methods of suspension of the apex and have been shown to have similar results [10] . Other techniques for restoring apical support are not mentioned by the NQF and might not be considered compliant with these recommendations. Specifically, the recommendations do not discuss the following wellestablished technique for addressing apical support at the time of vaginal hysterectomy: (1) shortening of the cardinal and uterosacral ligaments to the extent allowed by ureter location, (2) closure of the enterocele, and (3) reattachment of the shortened ligaments to the vaginal cuff [11] . We refer to this process as the Bligament shortening^technique. While all three of these methods utilize a vaginal approach to restore apical support without the use of mesh, USLS and SSLS require greater skill and may be associated with increased risk of operative complications [12] . Furthermore, it is unknown how outcomes of the ligament shortening technique compare with those of USLS and SSLS.
In our experience, the ligament shortening technique is an effective procedure for addressing apical support in properly selected patients. In fact, the concept that ligament shortening and reattachment is an appropriate treatment for apical prolapse is consistent with new biomechanical evidence that increased ligament length, not abnormal ligament stiffness, is the primary factor associated with apical prolapse [13, 14] . A randomized trial comparing approaches to management of the apex would answer this question; however, before contemplating and designing such a trial, information from an observational study is needed to assess the magnitude of the differences, if any, between approaches, and to determine the sample size needed for the trial to be adequately powered. Therefore, we sought to compare rates of symptomatic and/ or anatomic recurrence following hysterectomy for POP between women undergoing a ligament shortening support technique and those having vaginal colpopexy (USLS or SSLS), using retrospective data from our institution.
Materials and Methods
We performed a retrospective chart review of patients undergoing vaginal hysterectomy for POP with a female pelvic medicine and reconstructive surgery (FPMRS) provider at the University of Michigan from 1 March 2006 to 8 January 2014. The start date was chosen because it coincided with our department's establishment of a quality improvement database for hysterectomy. The University of Michigan Institutional Review Board approved this study (HUM00055112). Women were included if there was a minimum of 3 months postoperative follow-up at the time the chart review was performed. A minimum of 3 months follow up was chosen because by this time all the delayed absorbable sutures have been resorbed. This is plausibly the point when we would begin to see failures occur. Women were excluded if their hysterectomy had been performed for indications other than POP or by a non-FPMRS provider, and if their postoperative follow-up was less than 3 months. Chart review was performed by two of the authors (P.S.F. and E.R.R.) to obtain demographics, surgical history, preoperative prolapse data, perioperative findings, operative procedures performed, postoperative complications, and postoperative clinic examination results. All consultations were performed in attending physician clinics either by the attending physician or under the attending physician's direct supervision. In this clinical practice, patients typically have a follow-up appointment 6 weeks from their surgery, then again at 1 year from the date of surgery.
Because outcomes of USLS and SSLS have been demonstrated to be similar in randomized trials, women were divided into two groups based on the type of apical support procedure performed at the time of the hysterectomy: vaginal colpopexy (SSLS or USLS) or ligament shortening. The decision to perform a vaginal colpopexy or ligament shortening is at the discretion of the surgeon. Women are typically asked to provide consent for vaginal hysterectomy and anterior/posterior colporrhaphy, with apical suspension as indicated by the operative findings. In general, if the cervix is not more than 3 to 5 cm below the hymen with traction in the operating room, then this technique is considered. After the hysterectomy is completed, the ligament strength and position with respect to the hymen are assessed. When these pedicles and the posterior cul-de-sac (e.g. point D) are well above the hymen, the surgeon may decide that a uterosacral or sacrospinous colpopexy is not required. The steps for achieving apical support using the ligament shortening technique are performed as follows: (1) shortening of the cardinal/uterosacral ligaments to just below the palpated or expected location of the ureter, (2) closure of the enterocele with a single purse-string of permanent suture, and (3) reattachment of the shortened uterosacral/ cardinal ligament complex to the vaginal cuff in the manner described by Richardson [15] , utilizing a single delayed-absorbable suture on each side. All women undergoing hysterectomy for benign indications at our institution undergo routine screening cystourethroscopy to evaluate postprocedural bladder integrity and ureteral efflux.
Prolapse recurrence was assessed based on the date of the clinical note that was farthest out from the index surgery. Three definitions of recurrence were established: (1) symptomatic recurrence (defined as patient report of recurrent bulge symptoms), (2) anatomic recurrence (defined as having any compartment below the hymen on examination), and (3) composite recurrence (defined as symptomatic and/or anatomic recurrence). Apical recurrence was defined as descent of POP-Q point C below the half-way point of the vagina [16] .
Baseline differences between the two surgical groups were compared using the chi-squared or Fisher's exact test for categorical variables. For continuous variables, Student's t test was used for those that were normally distributed and MannWhitney U test for those that were nonparametric. Differences were considered significant when p < 0.05. Clinically relevant and statistically significant variables associated with each type of recurrence were considered in a multivariable logistic regression model using stepwise selection.
The study data were collected and managed using REDCap (Research Electronic Data Capture) electronic data capture tools hosted at the Michigan Institute for Clinical & Health Research at the University of Michigan [17] . Data were analyzed using SAS software, version 9.3 (SAS Institute Inc., Cary, NC, USA) and SPSS, version 22.0 (IBM Corp., Armonk, NY).
Results
Of the 628 women undergoing vaginal hysterectomy for POP performed by the FPMRS division during the study period, 330 (52.5 %) met the inclusion and exclusion criteria. The 298 excluded women did not have a follow-up appointment at 3 months or later. The 298 excluded women did not differ from the 330 included women with respect to demographic characteristics, preoperative prolapse size, or procedure performed (all p > 0.05, data not shown). Ligament shortening was performed in 119 women (36.1 %) and vaginal colpopexy in 211 women (63.9 %). Of the vaginal colpopexies, 71.1 % (150 women) were USLS and 28.9 % (61 women) were SSLS.
The composite recurrence rate was 19.4 % (41 women) in the vaginal colpopexy group, and 11.8 % (14 women) in the ligament shortening group; however, the difference did not Of the 43 women with anatomic recurrence, 12 (27.9 %) were asymptomatic. In 12 (27.9 %) of the 43 women with symptomatic recurrence, the recurrence did not meet the definition of anatomic recurrence. Of the 12 women with symptomatic but not anatomic recurrence, 9 (75 %) had either the anterior or the posterior wall at the level of the hymen, and 3 (25 %) had all segments above the hymen. The anatomic apical recurrence rate was 3 % (10 women). Of the 43 women with anatomic recurrence, the site of recurrence was anterior (the most common site) in 21 (48.8 %), posterior in 12 (27.9 %), anterior + apical in 3 (7 %), posterior + apical in 4 (9.3 %), and in all compartments in 3 (7 %). Table 1 shows baseline preoperative characteristics of the women in the two groups. Age, body mass index (BMI), parity, and prior POP surgery were similar in the two groups. Women in the vaginal colpopexy group more frequently had prolapse of all compartments, stage III prolapse, and prolapse that extended 4 cm or more beyond the hymen than women in the ligament shortening group. Table 2 shows perioperative variables, including concomitant procedures performed, as well as intraoperative and postoperative complications. None of the patients had a hysterectomy alone for treatment of prolapse. Posterior colporrhaphy was performed more frequently in the vaginal colpopexy group (29.9 % vs. 18.5 % in the ligament shortening group; p = 0.02). Rates of posterior or combined colporrhaphy and performance of anti-incontinence procedures were similar in the two groups. Overall, the most common intraoperative complication was bladder injury (6 of 330 patients, 1.8 %), and the most common postoperative complication was urinary tract infection (26 of 330 patients, 7.9 %). Complications were rare and similar in the two groups. Two patients were admitted to the intensive care unit, but neither for reasons directly related to the specific surgical procedures. One was admitted due to hyponatremia and the other because of traumatic intubation. The mean length of follow-up (time between surgery and the last assessment) was 20 months, and did not differ between the groups. The range of follow-up was 3 to 98 months. Table 3 shows the characteristics of patients with and without any type of recurrence. For each type of recurrence (symptomatic, anatomic, or composite), the groups were similar in terms of age, parity, BMI, and prior POP repair. Patients with anatomic or composite recurrence more frequently had a maximal prolapse size of 4 cm or greater. Of all recurrences, 49 % occurred in this group. The trend was the same for symptomatic recurrence, but the difference did not reach statistical significance. Women with POP recurrence of any type had a greater mean preoperative maximal prolapse size than those without POP recurrence. On average, women with recurrence of any type had a follow-up 8 months longer than those without recurrence.
To identify variables independently associated with POP recurrence, multivariable logistic regression models were developed using factors significant in bivariate analyses and controlling for age, BMI, concomitant anterior/posterior colporrhaphy, and apical support procedure, with the ligament shortening technique as the reference group (Table 4) . Once a candidate model was obtained, further diagnostic analyses were conducted, including Hosmer-Lemeshow goodness-offit tests, concordance statistics, and post-hoc decile analysis of predicted and observed rates. The final models for each type of recurrence were adjusted for age and BMI. For prolapse size, a sensitivity analysis was conducted to assess the highest likelihood of recurrence based on a range of preoperative sizes in terms of the extension of the prolapse beyond the hymen. The chi-squared test was performed, with 4 cm beyond the hymen showing the most significant association with recurrence. The type of apical support (vaginal colpopexy or ligament shortening) was not significantly associated with any of the definitions of POP recurrence. Concomitant anterior and posterior repair decreased symptomatic recurrence, but not composite or anatomic recurrence. Each additional month of follow-up was associated with a 2 % increased odds of recurrence of all types. The most significant factor associated with recurrence was preoperative prolapse ≥4 cm beyond the hymen, which more than doubled the odds of both symptomatic and anatomic recurrence and increased composite recurrence odds by 57 %.
Discussion
Among women undergoing hysterectomy for prolapse performed by an FPMRS surgeon at our institution, the POP recurrence rates and perioperative outcomes at nearly 2 years were similar in those who underwent ligament shortening and those who had a vaginal colpopexy. This finding is relevant and timely given the NQF's endorsement of colpopexy at the time of hysterectomy for prolapse. This metric will be used to assess the quality of care [18] . In establishing a benchmark, it will be important to recognize that colpopexy is not necessary in every hysterectomy. Women who demonstrate normal support following reattachment of the vagina to a shortened uterosacral/cardinal ligament complex, may not require additional apical procedures.
Our study is an important addition to the literature regarding concomitant procedures for prolapse. Using search terms Bpelvic organ prolapse^and Brecurrence^in combination with Bligament shortening^and Btraditional^or Bclassical^, we were unable to identify comparisons between ligament [19] [20] [21] , but there is a paucity of literature comparing traditional apical support techniques to vaginal colpopexy. In a previous population-based study, Blandon et al. found that the need for repeat prolapse surgery was lower when women undergoing hysterectomy for prolapse had concomitant prolapse repair [5] . In another investigation, Eilber et al. found that reoperation rates for prolapse were higher when colporrhaphy was performed without hysterectomy [3] . These studies demonstrate that prolapse repair and hysterectomy are important in restoring vaginal support, but neither addresses the usefulness of concomitant vaginal colpopexy and hysterectomy. Our study suggests that it is important to consider colpopexy, but that it is not necessary in every hysterectomy for prolapse. The need for colpopexy in this cohort was assessed by expert surgeons in a series of intraoperative steps and decisions. Our results should not be interpreted as implying that ligament shortening and reattachment is sufficient in all patients. Furthermore, this technique does not consist of simply tying the uterosacral ligaments together or attaching a nonshortened uterosacral/cardinal ligament complex to the cuff. During the hysterectomy, ureteral palpation is used routinely to guide uterosacral ligament shortening, and afterwards, the effect of enterocele closure, vaginal reattachment of the cardinal and uterosacral ligaments, and anterior and posterior colporrhaphy are carefully considered. It should also be noted that we have not used this technique in a posthysterectomy prolapse.
This study had some limitations that need to be considered. There is selection bias in an observational cohort such as this, where women who had prolapse ≥4 cm beyond the hymen were more likely to undergo a vaginal colpopexy. We hypothesize that women with more severe prolapse are more likely to need a colpopexy to restore vaginal support in all areas. As this was a retrospective chart review, we could not evaluate or address all potential confounders; however, we did attempt to control for confounding by gathering patient-specific data such as prolapse size, and included it in the multivariable analysis. This allowed us to discriminate the effect of prolapse size and type and its association with prolapse recurrence. We were limited by a loss to follow-up, as is found in most surgical follow-up studies [22] . However, we did compare those patients with and without the requisite follow-up, and found that they were similar with respect to baseline characteristics. In addition, as our mean follow-up time was around 20 months, our findings are limited by looking at relatively early failures. Thus we cannot draw conclusions about the long-term recurrence rate with either approach in the current cohort. Finally, we did not have validated questionnaire data regarding patient symptoms and cannot comment on symptoms associated with recurrence. When compared to vaginal colpopexy, selective use of the ligament shortening technique at the time of vaginal hysterectomy was associated with similar rates of POP recurrence and complications. Preoperative prolapse size was the factor most strongly associated with all forms of recurrence. In considering the recent push for quality measures in prolapse care, it is important that proposed measures are based on evidence demonstrating improvement in patient outcomes. In light of our data, we propose that this measure be revised so that surgeons who appropriately assess and describe the need for an apical vaginal suspension are not censured when a colpopexy is deemed not necessary.
